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PJIEFACE' 

Project. MICHIGAN  Is  a.  cootiming,  tong<rsngc  researeh.and  development  pro* 
gram  (or  advancing  the  Army's  combat*survellIance  and  target*acquisitlon  capabll- 
.  Ittes.  The  program  is  carried  out  by  a  (utUtime  Institute  ol  Science  and  Technology 
staff  of  specialists  in  the  fields  of  physics,  engineering,  mathematics,  and  psychol* 
ogy.  by  members  of  the  teaching  faculty,  by  graduate  students,  and  by  other  research  ■ 
groups.and-laboratories  of  The  University  of  Mtchigah. 

The  emphasis  of  the  Project  Is  upon  research  In  imaging  radar,  MTI  radar,  ■■ 

infrared,  radio  location,  image  processing,  and  special  Investigations.  Particular 

attention,  is  given  to,ali«weather,  tong*range,  high* resolution  sensory  end  iocation 

techniques.  '  *  '  '  .  '  •  .  ’  ’  ' 

•  ♦  *  *  *  •  •  • 

*  *  . 

Project  >1ICHICAN  was  established' by  the  U:  S.  Army  SlgMt  Corps  at  The  Unl>  • 
versity  of  Michigan  In  t9S3  and  has  received  continuing  support  from  the  U.  5.  Army. 
The  Project  constitutes  a  major  portion  of  the  diversified  program  of  research  con* 
ducted  by  the  Institute  ol  Science  and  Technology  In  order  to  make,  available  to  gov¬ 
ernment  and  Industry  the  resources  of  The  University  of  Michigan  and  (o  broaden  ' 
the  educatlomfl  opportunities  tor  students  in  the  scientific  and  engineering  disciplines. 

Documents  Issued  in  this  scries  of  Technical  Memorandums  are  published  by  • 
the  Institute  ol  Science  and  Technology  In  order  to  disseminate  scientific  and  en¬ 
gineering  information  as  speedily  a^  as  widely  as  possible.  The  work  reported 
may  be  Incomplete,  but  it  Is  considered  to  be  useful,  interesting,  oy  suggestive  enough 
to  warrant  this  early  publication.  Any  conclusions  are’.tentativc,  of  course.  Also  in¬ 
cluded  In  this  series  are  reports  of  work  in  progress  which  will  later  be  combined 
with  other  materials  to  form  a  more  comprehensive  contribution  in  the  field. 

Progress  and  results  described  In  reports  arc  continually  reassess^  by  Proj-  ' 
ect  MICHIGAN.  ■  comments  and  suggestions  from  readers  are  invited. 


'  Nobert  L.  Hess 
Director  • 

Project  MICHIGAN 


HESP0N8E  BIAS  gXPLAWATlON  OF  WORP^ragQWNCY  EFFEer 


*  .  *  • 


ABSTRACT 


•  •  •  .  •  •  .  .  •  -  .  ° 
Tti«  ir«rri«{req»eacpcRcelabterv«rlla(>«rt>M-»rMCiitt^l*  equally  n«lsy 
'*  conditions,  words  occvrrlng  more  frequently  w  tbe  language  art  identified  '  .  .,* 

correctly  more  often  than  words  ocenrrlng  less  frequently.  The  response  Mas  »  . 

explanation  arers  that  this  finding  Is  due  sstety  to  the  tendency  to  respond  moro  r  • 
frequently  with  the  common,  or  more  frequent,  words.  *  •  .  •  , , 

tn  a  test  of  this  explanation  of  word-frequency  effect,  printed  f»Te*tetter 
**  emrds  with  tetter  deletions  simulating  dlltcrent  noisy  conditions  were  used.  Ti*"  ^ 

.  *  results  show  that  a  response  bias  model  denying  stimuli  any  role  accounts  for  •  •  * 

,  practically  all  of  tbo  vsrfanco  In  the  werd«frequcncy  effect  at  high  noise  levcin*  .  ■ 

«*  *  The  model,  however,  is  Internally  restricted,  and  its  efficiency  is  artifactual.  .*  * 

;  Another  formulation,  based  on  the  &r«wn  and  Rubenstela  model,  will  be  tested 
.  ,  In  a  future  experiment.  TMs  new  formulation  Is  niottlfticallve  Instead  of  a4>  *  ,  . 

.  .dttfre,  and  is  00  loogtr  iatemaliy  fcotrietod.  ‘  "  .  S 

••  •*  •  •  t  * 


‘  ...  .  ' 

*  ••  *  *  .  *1  •  .  '  •  *  . 

.  ‘a  response  Mas  model  ricvcioped  hf  Brew*  and  llob«ostein*|l|  destes  stimulus  aop  rols  M . 

o  •  . 

•producing  the  isord-frequsney  eflec*  and  Instead  assumes  Ihal,  If  the  smount  of  noise  present  • 
ts  tbe  same,  the  percentage  of  correct  response*  10  words  In  a  given  word-frequency  clast  •. .' 
•will  be  equal  to  tbc  percentage  qf  •orrcci  .responses  lc  words  from  any  other  word-frequenep 
*  class  having  the  same  prvbatdUip  •(  response.  According  to  this  inedqU  the  prohsMlUrtf  . 

'  correct  response  p(0  U  merely  a  toostanl  function  h  of  the  probability  that  the  response  to  a 
word  from  a  given  word.frcqnencjr  class  will  be  ear  reel— 'that  Is,  ptf^,  Rj),  where  I  n  f.  Be* 
cause  the  stimuli  lave  a  flat  distritmtlon,  ell  incorrect  responses  of  a  given  word.lreqnencp 
class  will  also  have  a  flat  dtstrlbutlon  across  ctimuli  from  ether  wefd.frequcacy  classes.  Of 
course,  as  increases,  the  prebaMlity  that  stimulus  and  response  wilt  agree  in  word-fre* 
queney  class  increases  loo,  as  does  the ’probability  of  correct  response. 

•  *  e 

By  knowing  that  equal  mimUrs  of  the  stimulus  words  presented  are  taken  from  each  word* 
frequency  class — that  is,  p(5j|  •  1/n;  by  knowing  the  probability  that  a  response  will  be  frosn 
a  given  word.frcquensy  class,  p(R|);  and  by  knawinp  s  constant  e*  one  can  predict  the  increase 
In  word.frequcncy  effect,  b/n.  .  •  .  .  '  . 


W  and  T«din«kogy 


'•!  MicKfg 


•  *  • 
•  •  •  • 


•«  *  •  • 


fn  a«  experiment  cmducted  to  test  tte  Srewii  xntf  Rubcxstclii  me4el«  64  printed  Engitsli  *  . 
««r6s  fire  letterf  tong  wert  need  as  sltimitl  fset  Table  I).  Sixteen  wards  were  selected  at 
random  fmm  each  o<  four  word^fre^emy  classes  determined  by  Ttemdlkc  end  Large  (2|.  * 
Median  word  frequencies  of  the  classes  were  O.S,  S^O,  SO,  and  800  wards  pc(  mlttlon.  One, 

(wa,  three,  or  four  letters  were  deleted  from  tacti  word.  In  tOe  paUens  summarised  In  Table 

•  #  •  e  • 

.  n.  Thus  there  were  tSSdtffcreOI  stimuli,* 

“*  *  •  •  . 

Four  groups,  of  <0  undergraduate  Ss  ear^.,  titled  deletions  In  t&e  £4  differeni  words,  -  &ch 
•  .  ■  .  •  *  "  .  . 
froup  saw  a  different  deletion  patten  lor  each  u^id  but  worked  on  all  deletion  patterns,  8s 

were,  instructed  to  respond  witli  64  different  words.  This  instruetlcm  reduced  tbe  oumber  of  . 

common*word  responses,  lUlteiMd  Uit  ittstvlbutloo  across  word'trcquefieles,  end  proetded  ■  * 

sharper  lest  «f  tlw  model,  •  .  .*• 

*,  Results  ark  aummarbed  to  Tables  tit  sod IV,  lod  In  figures  1  and  2,  The  foliowiag  points 

#  e  *  u 

•.  are  noteworthy,  (al  The  data  determining  tht  b  iralues  show  an  excellenl  Tt;  see,  in  Table  nt, 

s  *  • 

the  regresston  of  pfCl  on  p(S,R,l  from  the  diagonal  celts,  (bl  Plbttlng  the  distributions  of  ln< 

•  I  , 

*  correct  responses  from  taeh  of  the  four  word*frequesey  classes  girts  a  nearly  fhi  curve;  sso 

0  ,  »  s  •  • 

,  the  column  distributions  in  Table  ttf,  (e)  As  Table  lY  stows,  the  predicted  apd  ito’oMaitted  . 

.  .*  regressions  are  very  similar  tthe  obulaed  slopes  were  laben  from  the  column  marginals  in  • 
.  Tabielll), .  *  .  ••  . 


TABLE  L  WOBOS  USES  ACCOROINC  TO  WORD* 
IREQUENCY  CROUP  fWORDS/ MILLION  WORDS) 
(FROM  RtFERCNCE  2} 


•  *  0 
•  0,$  • 

.  • 
.  S.0 

19.6 

.WO 

•"»Pt  . 

*  envoy 

,  grief  • 

snarry 

shent 

rigor 

•  organ 

voice 

’  getup 

.probe 

•  Slav* 

smile 

natty  . 

nidie*' 

•  twist 

month 

.  eaullt  • 

gbafu 

^  porcb 

began 

.*  plumy 

•*  farce  ’ 

.  Rueer  * 

water  , 

•  atomy 

react 

kuotc 

heard 

,  chump 

hoary 

merry 

small 

•  -narcs 

•  silky 

nw)ur' 

order 

aacat.  ’ 

clamp 

linen 

price  ' 

• 

moody 

shock 

point 

evict 

booty 

cruel 

light 

,  odes 

lorry 

brick 

carry  *  . 

Julep 

shyly 

*  .  tooth 

luree  .  ^ ' 

.  .  yodel’ 

gmlf 

dying 

heart  . 

.•  blfgu 

Inlui 

wredi 

start 

s 

*. 

8 

,  • 

T  ® 

« 

* 

« 

.  TABLE  111.  PROBAatUTlES(K  too)  OErrtMtIU  (ROWS)  AND  RESPONSES 
(COLUMNS]  BV  rREQUENCT  INTERVAL,  p{C)  U  undcrscorea. 


0.8  . 

8.0  " 

SO 

500 

•  0.5 

1.26,  ojS 

8.10 

10.08 

«.08 

s.o 

0.93 

*5.60,  0.58 

11.58 

1.23 

50 

I.Ot  ® 

8.01 

11.14,0.60 

€.17 

>,  .  , ...  ». 

809 

0.«9 

6.88 

tlJI 

1.11, 0.9* 

2.6d  » 

84.69 

44.18 

80.58 

• 

(a)  One  letter  stvea 

0.5 

8.11. 0.80 

1.45 

f.7S 

5.38 

5.0 

0.69 

8.04.  1.62 

10.38 

5^77  , 

•  H 

50 

.*•**. 

5.52 

12,72, 2.90 

0.21 

*  '  *■  •  *  * 

500 

0.2*  . 

4.87 

0.81 

10.60, 1.66 

*  ..  »  »•  *.•  *• 

4.55 

85.*8  . 

41.'60  . 

87.80 

O' 

•  «  • 

« 

(b)  T»e  letter*  fftren  ; 

*  .  * 

**  *'  ‘  '  •  *.  •  •  . 

■  ’  0.5 

9,38,  «£6 

8.10 

7.58  .  •:  . 

1.10 

_w..V-  .  , 

5.0 

0.11 

.13.1*.  10^ 

8.86 

'  4.18  : 

•  •  •  •• 

SO 

0,1*  ’*/ 

8.05  ' 

16.63,18.17 

8.5* 

e,*  .  •  ’•  •  •  *  ‘ 

.  ..509 

.  0.60 

*  4.0*  ’  *.» 

15.S3, 11.53 

M  •  .  •  • 

•  »  •  •  • 

•  .  •• 

10.18 

29.8S  .  ‘  JWI  .  •  , 

88.43  ' 

•  • 

•  • 

(e)  Tlirce  tetter*  fives  • 
•  •  • 

•  • 

•  t 

•  •  • 

,  :  . 

0.5 

IS.M,  ».82 

l.*4  .. 

W8 

0.98  ■ .  . 

*  *  •  •  • 

•  •  •  • 

•  •  *  • 

•  m  ^  *  0  *  • 

•  • 

5.0 

0.00  . 

**.96,  *2.04 

8.01  • 

ojoo 

r  -  .  •  ••  •  ' 

.  -50 

0UI8 

’»J* 

81.92,  ae.40 

1.04 

•  •  •  t 

•  •  • 

*  m  m  f 

*  -500 

0.04 

0.48 

8.1*  •  . 

81  Jl.  tt.M 

•  •  •  ^ 

• 

• 

•  .  . 

15,>«  *  * 

31^0 

.81.00  • 

83.24 

*  •  •  * 

-  »  « 

Four  tetters  glveii  . 

•  ,>  .  . 

•  , 

r.  • 

.  » 

.  "  • 

•  •  •  ^ 

• 

1, 

9  ‘•I 

4 

a 

« 

■  - 

c  ^ 


e  ^ 

c 


•  •  • 

•  •!  SeUrM*  tndf  l•^noto9|• 


!!»•  VnW«r»Itf  •! 


'  •« 

•  • 


TABLE  IV:  PREDICTED  (b/n)  VALUES  AND  OBTAINED  (COLUMN 
MARCINAL]  VALUES  OF  REGRESSION  SLOPES  ' 


.  Number  ol  Letters  Overt 

I  3  3-4 

0.013  0.064  0.tS3-  0.20Y 


•  .  • 


FIGURE  t.  RECRKSSION  OF  p^C)  ON  p(S^.  R^t.  FOR  i  •  ).  Interaai 
parameter  U  the  aumber  ef  letter*  give*  ia  each  word.  p(C)  >=  per¬ 
centage  of  correct  Identlfleaticns.  p(S^,  R^),  where  I  »  J,  °  perceht-o 
age  ef  rcspens*  words  agreeing  In  word*{requenc]r  class  with  stlm- 
hKs  wards,  p(R^)  ~  percentage  ef  response  wards  in  each  word- 
ireqaeasp  class. 
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